The aim of this study was to examine the relationship between erectile problems in men and cardiovascular disease (CVD) mortality.
Erectile dysfunction, the inability to achieve and maintain a penile erection for satisfactory sexual performance (1), can be highly prevalent, with some estimates as high as 80% in elderly men with comorbidities such as diabetes (2) . Originally thought to be psychogenic or neuropathic in origin, several lines of evidence now suggest that the predominant etiology is vascular (3) (4) (5) . Thus, risk factors for erectile dysfunction (ED) (e.g., smoking, raised blood pressure, obesity) appear to be the same as those for cardiovascular disease (CVD) (3) , and the occurrence of erectile dysfunction rises monotonically with a progressive clustering of these indexes.
Erectile dysfunction appears to be associated with increased risk for clinical events of CVD (6, 7) , coronary heart disease (CHD) (8 -10) , and stroke (9) , but prospective cohort studies, which provide the best observational evidence of a relationship are very scarce. We address this paucity of evidence by using data from cohort analyses of a large, well-characterized, randomized controlled trial.
Methods
The ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified-Release Controlled Evaluation) trial, described in detail elsewhere (11) , was designed to investigate the separate effects of routine blood pressure lowering and intensive blood glucose control on vascular outcomes in patients with existing type 2 diabetes. In brief, from 2001 to 2003, 12,877 men and women age 55 to 88 years with type 2 diabetes and histories of major macrovascular or microvascular disease, or at least 1 other cardiovascular risk factor, were recruited from 215 centers in 20 countries. After an initial "runin" phase, 11,140 subjects (6,407 men) were randomized using a factorial design to perindoprilindapamide or placebo and to intensive blood glucose control on the basis of gliclazide modified release or to standard blood glucose control. The flow of patients through the study is depicted in Figure 1 . For the purposes of the present study, data from the trial were analyzed on the basis of a prospective cohort study design, as we have done previously (12) . Approval to conduct the trial was obtained from the ethics committee of each study center; all participants provided written informed consent. Baseline examination. At study induction, participants responded to questionnaire inquiries and took part in a medical examination. Glycosylated hemoglobin, blood cholesterol (and fractions), blood pressure, resting heart rate, and serum creatinine were measured using standard protocols. Height and weight were used to derive body mass index (kg/m 2 ). Nurses administered a series of questions regarding ethnicity, educational attainment, physical activity, alcohol intake, cigarette smoking habit, major chronic disease, assistance with activities of daily living, medications used to control diabetes (e.g., gliclazide modified release, metformin) and related conditions (e.g., beta-blockers, thiazide). The presence of minor psychiatric disorders (anxiety and depression) was ascertained using the EQ-5D (13, 14) . Cognitive function was assessed using the Mini-Mental State Examination, on which low scores indicate impaired performance (15) . Subjects with scores Ͻ24, or in whom the nurse suspected dementia, were referred to a medically qualified specialist for diagnosis of dementia according to Diagnostic and Statistical Manual of Mental Disorders criteria (16) , if applicable. To maintain accurate selfreported information, those with either contemporaneous or prior diagnoses of dementia did not enter the study. Nurses also asked all male subjects whether they had ED (categorized as "yes" or "no"). Ascertainment of CVD, dementia, and cognitive impairment during follow-up. Fatal and nonfatal CVD outcomes were ascertained using a variety of sources. Information on cause of death (certification, autopsy report, clinical notes) was scrutinized by the Endpoint Adjudication Committee and a coding made according to the 10th revision of the International Classification of Diseases (17) . For nonfatal outcomes, when applicable, clinical notes, computed tomographic and magnetic resonance imaging reports (for suspected stroke), laboratory biomarkers (e.g., creatine kinase, troponins) and electrocardiographic reports (for suspected myocardial infarction) were used. A CHD event was denoted by death due to this condition (including sudden death), nonfatal myocardial infarction, silent myocardial infarction, coronary revascularization, or hospital admission for unstable angina (18) . A cerebrovascular event was defined as a death due to this condition or nonfatal stroke, transient ischemic attack, or subarachnoid hemorrhage (18) . The protocol used to identify dementia at follow-up was the same as that for baseline (described previously). Cognitive decline was defined as a reduction in Mini-Mental State Examination score of 3 or more points compared with baseline score. Statistical analyses. Baseline data were missing for 103 men, resulting in an analytical sample of 6,304. Having first determined that the proportional hazards assumption had not been violated, Cox models were used to estimate hazard ratios, with accompanying 95% confidence intervals, to summarize the association between erectile function and the various health outcomes (19) . Hazard ratios were first computed separately in the treatment and placebo groups.
With no indication that treatment allocation modified the
Erectile Dysfunction and Baseline Characteristics in Men in the ADVANCE Trial (n ‫؍‬ 6,304) 2010:1908-13 association of ED with the outcomes (p for interaction Ͼ0.10), data were pooled, and all analyses were adjusted for treatment.
In subgroup analyses of men who did not develop any of the outcomes of interest between baseline and follow-up at 24 months (n ϭ 5,427), we examined the possibility that new erectile problems may be related to CVD and other outcomes. On the basis of the dichotomous questionnaire responses from baseline and 24-month follow-up, we therefore derived 4 groups: men without erectile dysfunction at either time point (referent group), men who had erectile problems at baseline but reported no such dysfunction at follow-up, men who developed erectile dysfunction between baseline and follow-up, and men who had ED at both baseline and follow-up ("unrelenting" erectile dysfunction). All analyses were performed using SAS version 9.1 (SAS Institute Inc., Cary, North Carolina).
Results
In Table 1 , we show the baseline characteristics of study participants according to erectile dysfunction status. Onehalf of the men in the ADVANCE trial (3,158 of 6,304) reported ED at the baseline examination. With few exceptions, men with ED had less favorable levels of baseline CVD risk factors, morbidity, and drug use than those reporting no such problems. However, although statistically significant at conventional levels because of the large sample size, absolute differences in these characteristics between men with and without ED were generally modest in magnitude. Men with ED were older, were heavier, and had lower cognitive function. These men were also more likely to have chronic ill health as indexed by a range of baseline indexes. Although men with ED were also less likely to be physically active, contrarily, they were less likely to smoke and had lower total blood cholesterol, and diastolic blood pressure.
During a mean of 5 years of follow-up, there were 695 deaths from any cause, 1,579 fatal and nonfatal CVD events, 773 fatal and nonfatal CHD events, 411 fatal and nonfatal cerebrovascular disease events, 58 incident cases of dementia, and 1,013 cases of cognitive decline. In Table 2 we show the relation between ED and a range of health outcomes. Considering first the outcomes of total mortality, CVD, CHD, and cerebrovascular disease, it is unsurprising that, with both exposure and outcomes strongly age related, controlling for age had a marked attenuating effect on all the hazard ratios. In analysis adjusted for age and treatment group, relative to men who were free of erectile problems at baseline, those with ED experienced an elevated risk of between 34% and 53%. Adjusting for existing illness and medication led to some attenuation in these effects. Of the CVD risk factors, adding the psychological indexes (quality of life and cognitive function) to the multivariate model appeared to explain some of the effect of erectile problems on total mortality, all CVD events, and all CHD and
Hazard Ratios (95% Confidence Intervals) for the Relation of Baseline ED With Selected Health Outcomes in Men in the ADVANCE Trial (n ‫؍‬ 6,304) In all analyses, the referent group was men without erectile dysfunction at baseline. Existing illness comprises 1 or more of the following: use of metformin or beta-blockers, history of macrovascular or microvascular disease, or those requiring assistance with daily activities, plus diabetes duration. Behavioral cardiovascular disease risk factors include cigarette smoking, alcohol intake, and vigorous physical activity in previous week. Physiological cardiovascular disease risk factors include glycosylated hemoglobin, creatinine, body mass index, total cholesterol, high-density lipoprotein cholesterol, resting heart rate, systolic blood pressure, and diastolic blood pressure. Psychological cardiovascular disease risk factors include quality of life (EQ-5D score) and Mini-Mental State Examination score. Socioeconomic cardiovascular disease risk factors include age at completion of highest level of education and height. Multiple adjusted: all previously listed covariates plus treatment allocation and ethnicity. ADVANCE ϭ Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified-Release Controlled Evaluation; CHD ϭ coronary heart disease; CVD ϭ cardiovascular disease; ED ϭ erectile dysfunction.
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After multiple adjustment for a range of baseline characteristics, some attenuation was again apparent, but with the exception of total mortality, gradients held at conventional levels of statistical significance. Erectile problems were associated with increased risk for both these outcomes, but most effect estimates were not statistically significant at conventional levels. Finally, we examined the association of change in erectile function status between baseline and 24-month follow-up with the future risk for new events and deaths in a subsample of the population who remained free of these outcomes during this 2-year period (Table 3) . For total mortality, CVD, CHD, and cerebrovascular disease, as anticipated, the highest rates were evident in men whose symptoms of ED persisted between baseline and follow-up 24 months later, although the confidence intervals for total mortality included unity. Similar patterns of association were apparent for dementia and cognitive decline, although the number of events for the former was very low.
Discussion
The main finding of this study was that ED was associated with total mortality, CVD, CHD, and cerebrovascular disease. Although controlling for the classic CVD risk factors (smoking, and raised blood pressure and blood cholesterol) had little impact on the magnitude of these gradients, marked attenuation was apparent when other covariates, such as existing illness, medication, and psychological distress, were added to the multivariate model. However, statistical significance at conventional levels was typically retained. Prior studies. Our finding that ED apparently confers an increased risk for CHD is supported in the few other prospective cohort studies conducted, which were generally less well controlled than our own and, with few exceptions (9), markedly smaller in scale. To our knowledge, only 1 other study examined the role of erectile problems in the etiology of stroke (9) , and that too found a positive association. Plausible explanations. Potential noncausal explanations for the apparent impact of ED on these chronic CVD outcomes include bias and confounding. In the present study, dropout by the original study members was very low. We also adjusted for a very wide range of confounding variables, and these gradients, although attenuated, remained statistically significant at conventional levels. The effect that remained for ED in relation to the various outcomes is probably too large to be explained by residual confounding in this well-characterized study, but we of course cannot rule out the explanatory power of unmeasured or unknown covariates.
The absence of convincing alternative explanations for these associations raises the possibility of a real effect of ED on the outcomes herein. One obvious possibility is that ED results from peripheral neuropathy, that is, damage to nerves of the peripheral nervous system. Another option is that, given that the penis is an extensively vascularized organ, erections are, to a large degree, vascular events. With the penile (1 to 2 mm) arteries being substantially narrower than the coronary (3 to 4 mm), carotid (5 to 7 mm), and femoral (6 to 8 mm) arteries (20) , as described, for the same quantity of atherosclerosis, erectile dysfunction may precede a similar vascular event in the heart. Study strengths and limitations. Although the present study has a number of strengths, including the detailed range of covariates collected, the large sample size, repeat measurement of ED, and the fact that it is the first to examine links with dementia and cognitive function, it of course also has its limitations. Although it may be testimony to the robustness of the relation that a very simple question regarding erectile dysfunction was linked to CVD, we did not capture information on the severity of exposure by, for instance, using the International Index of Erectile Dysfunction (21) . This would have allowed us to examine doseresponse effects.
Conclusions
We demonstrated associations between ED and a range of CVD outcomes. However, rather than having a direct, independent effect on CVD, it is more likely that erectile dysfunction is a marker of CVD risk. Multiple adjustment as in Table 2 . Analytical sample was based on a subgroup of men who did not develop any of the health outcomes of interest between baseline and follow-up at 24 months. Abbreviations as in Table 2 .
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